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1 1 IBRIC ATING OIL SUCCINIMIDE DISPERS ANTS 



5 

FffiLDOFIHEJNVEliM 



0 peaces-. ■'^^'^'rrrJ^jZ. -ines co„« e essenUaUy no 

tetraethylene pentamine, small amounts P r 
oligomers »0, 7 o, mo. niTogens, 2 or n,o,e pnn«, ammy 

J„ branching rhan convenUona, '^'y^'^XZ^r^o l l^ 
,5 a«„ws for incorporation of greater an»unts of n, rogen .be dtep 

.ban prior a„ amines and tbusly, superior siudge J'^™;^ ,„ ^ 

Tbe succinimide dispersants disclosed beretn are useful as addwes 

lubricating oils. 

20 BACKGRQUr^mrmiNY^^ 

TT^W 261554 entitled "Lubricating Oil Dispersants Derived from Heavy 
, fil d June 7 1994, discloses amidation (derivatization) of polyrners 

Polya..ne , fi. une J. ^^^^^^^^ 

ft.nct.onal.zed by the Koch ^^.^^.^^ ^^^^^ 

25 reference here.n. ^SSN 261i ^ ^^^d amidation process 

and is incorporated by reference here.n. 

:,i::!t;:::ri^^^^^^^^^^^ 

a subsequent condensation reaction with polyethylene ammes, 

EP-A 0 475 609 Al d.scloses the use of "heavy polyamine" wbicb is disclosed 
" .„ be riLe of polyetbyleneamines sold by Unton Carbtde Co. under tbe 
designation Polyamine HPA-X. 
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US-A-5230714 discloses the use of "polyamine bottoms" derived from an 
alkylene polyamine mixture "Polyamine bottoms" are characterized as hav,ng less 
than 2 usually less than 1% by weight of material boiling below about 200 C. In the 
case of ethylene polyamine bottoms, the bottoms were disclosed to contam less than 

5 about 2% by weight total diethylene triamine (DETA) or triethylene tetraamine 
(TETA) A typical sample of such ethylene polyamine from Dow Chemical 
Company, designated as "E-lOO" was disclosed to have a percent nitrogen by weaght 
of 33.15 and gas chromatography analysis showed it to contain about 0-93 /» Light 
Ends" (DETA). 0.72% TETA, 21.74% tetraethylene pentamme and 76.61/. 

10 pentaethylene hexamine and higher (by weight). 

US-A-4938881 similariy discloses the use of "polyamine bottoms". 

US-A-5164101 discloses the polybutenylsuccinimide of polyamines, wherein 
1 5 the polyamine has a specific formula. 

US-A-5 114435 discloses a polyalkylenesuccinimide prepared from a 
polyalkylenesuccinnic acid or anhydride reacted with a polyalkylene polyamine of a 
specific formula. Hexaethylene heptamine is disclosed to be a suitable amine. 

US-A-4927551 discloses a polybutenyl succinnic anhydride reacted with Dow 
E-lOO heavy polyamine (average Mw = 303 available from Dow Chemical 
Company) 

US-A-5241003 discloses succinimides derived from amines of a specific 
formula Various suitable low cost polyethylene polyamine mixtures are disclosed to 
be available under various trade designations such as "Polyamine H". "Polyamane 
400", Dow Polyamine E-lOO" and "Dow S-1 107". 

US-A-4152499 discloses isobutene polymer reacted with maleic anhydride 
and this adduct then converted into a lubricating oil additive by reaction w.th 
polyamines of a specific formula. Diethylenetriamine and triethylenetetramine are 
disclosed to be suitable amines 

US-A-5053I52 and the divisional thereof. US-A-5160648. disclose 
condensates produced by the acid catalyzed condensation of an amine reactant w,th a 
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Mro^ aM o, hydroxy .eacun,. T.e a.,ne rca.an. ,s di..o.. .o be a Wgh 
molecular weight extended polyamine 

.-irtnrrY"''T^''^'^'^™'^ 

The present Invention is an oi, soluble dispersant con»prising a 

for producing ^^^I'^^ ZZ. sellted from .he group consisting of 
ene reaCng. or ftee rad, al ^aftaga ^^^^ .^^ ^^^^^ ^ 

:C::^:,„:rd^: L::^^^^^ Heavy^yaminecompHs. 

ITe" t least about 7 nitrogen, per molecule, a prima., amme co«en a^ 
^. Z. 6.3 ,0 about S 5 mi,lie<,uivale„ts of primary amrne per gram and a total 
mtrogen content of at least about 32 wt, % 

The present invention relates to .ccininude dispersant 

rrofp:;ML:e.gpoiyethyie.^^^^^^^^^ 

,0 tetraethylenepentamine. a. most s- — ^ J ^ 

^suXt^e .spe^ants dlsdosed ^n are 
useful as additives in fuel and lubricatmg oils. 
,5 The hydrocarbons or polymers are funcUonali^ using a variety of m«,^ 

" iududing h.:gen assisted — i^tion ^^if^^^^Z 
reaction, and free radical grafting using a catalyst (e.g. peroxide) an 

using a "heavy polyamine". 

,0 The heavy polyamine as the tenn is used herein contains more than six 

.trogens e, mlLle, but preferably polya^ne oligomers contaunng 7 or m^. 
mtrogens per molecule and with 2 or more pnmary ammes per molecule. The h«^ 
ralrogens pe o» ^ % (. s > 32 v.n. %) total nitrogen and an 

polyamine compnses more than 28 w, /. (e g ) 

cuivalent weigh, of c acid mo.^^^^ 

35 commercial dispersanrs are based on .he " Jm„„ge„s per molecule 
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nUroge. as we.,. Other commercial polyanrines k„enca,,y as PAH^ 
a m;«u,e of ethylene amines where TEPA and pen,.e.hyle„e he«.n,,ne (PEHA) a,^ 
,he major pa. of .he polyamine. usually less than ahou. m.. Typ,cal PAM » 
CO JrciaJy available from .ppliers .ch as *e Dow C^-^^" ^^^^ 

5 uade name E-,00 or from .he Union Carbide Company as HPA-X Th, ..u«u^- 
typically consis.s of less .han LO w., % low molecular wergh. anune. ^15 W..J 
™ 40-50 w,% PEHA and Ore bal».ce hexae.hyleneh.pUm,ne (HEHA) ^ 
higher oligomers. Typically PAM has 8,7 - 8,9 millie,uivalen.s of primary armne p« 
^ (an Cuiv^en. weigh, of 1 1 5 .o U2 gra^s per c-ivalen. of pnma^ amrne) arrf 

10 a total nitrogen content of about 33-34 wt. %. 

It has been discovered that heavier cuts of PAM oligomers with practically no 
TEPA and only ve.7 small amounts of PEHA but containing primarily oligomers wtth 
.ore than 6 nitrogens and more extensive branching, produce dispersants vn^ 
,5 improved dispersancy when compared to products derived from regular commeraal 
p1 under similar conditions w,th the same polymer backbones. An exam^e of on^ 
of these heavy polyamine compositions is commercially ava.lable from the Dow 
Chemical Company under the trade name of Polyamme HA-2. 

20 HA-2 is prepared by distilling out the lower boiling polyethylene « 

oligomers (light ends) including TEPA The TEPA content is less than 1 wt. /.. 
only a smUunt of PEH^ less than 25 wt. %. usually 5 - 15 wt. % remans m 
the mixture. The balance is higher nitrogen content oligomers usually with a greater 
degree of branching. The heav^ polyamine preferably comprises essenfally no 



25 oxygen. 
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Typical analysis of HA-2 gives primary nitrogen values of about 7.8 
.illiequivalents (meq) (e.g. 7.7 - 7.8) of primary amine per gram of P^'V-- 
calculates to be about an equ.valem weight (EW) of 128 grams per equ.valen (g'eq)^ 
The total nitrogen content is about 32.0 - 33.0 wt. %. Commerc.al PAM analyze for 
8.7 - 8.9 meq of primary amine per gram of PAM and a nitrogen content of about 33 
to about 34 wt. %. 

r^PTATI F.n DESCRIPTJQNQFimiNyBfflQN 

The present invention relates to a denvatization (imidization). using a heavy 
polyamine, of functionalized hydrocarbons or polymers wherein the polymer 
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for ethylene alpha o>ef.n copo.y«, .he ^'f^^^^^JJ^.^ „ ,„ 

K AAA. (PmSM which is a reaction product of polyisobutene an 
anhydnde (PlBbA) wra haloeen-assisted functionalization (e.g. 

™. o rra<..*n „s>„, a ca,a>,« (e.. 

the case of PffiSA, the reaction with the neavy p y 
succiiumide. 

Dispersants made from backbones less than 300 Mn are useful in 2.cycle 
engine TZ presen. invenhon IncWes dlspersan,s useM fo, .«s apphcauon. 

g..;t=,hlp Hvdrornr*-""^ ""^ Polymers 

polymers employed in this invention '»"l'"-;"'7°'=r "'^ 1 .o 18 earbon 

30 mclude. for example, propylene, ' ^^J^^, ,1'aecene-l, 

deeene-1. dodecene-1, frideeene-l «- ''=7;^J„^t,teof (eg, mixtures of 
,.p.adeeene-l,oetadecene.l,— e^.^^^^^^^^^ 

=rs,br;c^^^^^^^^^ 

35 butene-1 copolymers and the hke, wherem P Y 
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:l„.e. 1 ..e.po.y™- of =.hy,.e alph.-o,e6„ J^"* 
5 ethytae content of .he polymers employed in .his invention n ^^'"'^^'^'^^ 
JlO .0 80 % ml more preferably 30 .0 70 %. When propylene and/or bu.«« »;e 

may be present. 

The polymers employed in .his inven.ion generally possess a M„ of 300 .„ 
,0000 prirall, 800 .o 7.S00; n,ore preferably 1,000 .o 3.000 (eg., 1 500 ,0 
[ Z m such polynrm can be de.er™ned by several known .echnrques 
iras L?exc,u.o„ chromatography (also known as gel pennea.,on 
Ilalgraphy (GPC)) which .so provides molecular wergh. d.s.nbn.,on 
information. 

Suhable polyn«rs will typically have a narrow molecular weigh. disJribu,ion 
(MWD) .ISO reUd .o as polydispmhy. as dcennined by "- "f 

molecular weigh. (Mw, .0 (M»). Polymers having a Mw/Mn „ les^ 5 
'Xbly less than 4. are mos. desirable Suitable polymers have a polydispemty oC 
preferably ess , ^ , generally possess an ,nlr«,s,c 

for example. 1 to 5. <^°'^"™>';._/.' „ o9 dl/g. preferably 0.05 to 
viscositv (as measured in tetralin a. 135 C) of 0.025 to u.v u g, v 
"XI s. preferably 0.075 .o 0.4 dl/g The polymers employed ,n ,h,s .venu n 
pre^li a dejee of c,ys..lini.y .eh that, when grafted, they are essenually 
amorphous. 

low molecular weigh, polymers are polymers having Mn ^^J'^^^ 
preferably 500 ,o 20.000 (e.g. 1,000 ,o 20,000), more preferably 1,500 ,o 10.0^ 
preieraoiy jv/ , number average 

(e.g. 2,000 to 8.000) and most preferably from 1,500 to 5.00U. 
molecular weights are measured by vapor phase osmometry or GPC as d.scussed 
ror Jw molecular weight polymers are use^l in fonning dispersants for 
lubricant additives. 

High molecular weight polymers Mn's rangmg from 20.000 to 200.000 
prefera^ 25.000 to 100.000. and more preferably, from 25.000 to 80.000 are useft.1 
for viscosity modifiers for lubricating oil compositions 
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Specific example of ,en.inal and imcmal olefin n™oaon,ers "'"cl. can be u«d 
,„ prepare .he polymers of .he presem invention according .0 conven. omU. weU 
JZllyme.^. on .echni,ues .nclude e.h,lene, propylene, bu.ene-n bu.e„e-2. 
S ^L:ren.ene.,; e,c; propylene— diisobu.y,ene; isob„.y.ene .nmer; 
buladiene-1.2; bu.adiene-1,3; pen.adiene.1.2; pen.ad,ene.l.3; e.c. 

UselUl polymm include alpha-olefin homopolyme,, and in.erpolyn.erj. >^ 

e^yleneVolI-Po'yn- ^'^'^^ '"^"^ ""^ " I T 
,0 ^ rpolypropylenes, polybu,ene.. e.hylene-propylene copolymer « M™- 
^le TpoTymm, propylene-bu-ene copolyn^s, s.^e.isobu.ene copolymer. 
TZ^l^^V IpolV^er. e... and .erpol^ers on.obu.ene, s.y,« ^ 
piperylenc and copol^ers of SC./. of erhylene and 20% of propylene A o e^ 
sLl of polymers are ,he Hy(isob".ene)s obtained by polymenza„on of C4 
,5 " ^yUm having a burene conren, of about ,5 to about 75% by wt . andjm 
^Ze content of about 30 to about 60% by w... in the presence of a Lewts acd 
catalyst such as aluminum trichloride or boron mfluonde 

Also useM are the high molecular weigh, poly-n-butenes of USSN 992871 

20 filed December 17, 1992. 

A preferred source of monomer for making poly-n-bu.enes is paroleum 
feedsrreams such as Raffmate I.. These feeds.ocks are disclosed in Ute an such as » 
US-A-4952739. 

" The polymers employe, in to invention, which preferably are toher 

characerized in .ha. up to 95 % and more of .he poller ch^ns P»-» ---^ 
Inylidcne-type unsaturation, may be prepared b, pol^enztng alpha-olefin 
t^l.. or lures of alpha-olefin r„o„ome.s. or mixtures ^"^^JJ^^ 

30 and a, leas, one C3 .0 C2> alpha-olefin monomer, in the presence ° ^em 
comprising a, least one me.allo»ne (e.g., a cyclopentad,enyl-t,ans,.,on meud 
Z „d, and an alumoxane compound, .n.erpolymers of .his la,.er type. wh.ch 
r refJed in,e^lymers for use in Ute inven.io. may be — »^ ^ * 
forlla P0LV-C(R.H:H2 wherein Rl is C, .0 C26 ^M. P** V C ° ^ » 

35 alkyl more preferably C, .0 Cs alkyl. and mos. preferably C, .0 C2 tdkyl. (e.g^ 
mXl or e. yl) and wherein POLY represents .be polymer chain. The chatn leng.h 
Rl alKy^oup will va^ depending on .he comonomer(s) selected for use ,n 
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fte polymeri^tion, A minor amoum of polyner chains en conuin .ennin.1 
* ,Te vin,i. unsa«.a„on. i.e. POLY-™, and a portion of .he po V-er. 
iTonrain in,L .onounsa.ura.ion, .... POLV-CH-CHlRl). whe,e,n R. ,s as 

defined above. 

' In .he preferred polymers con.empla,ed fo, use in .his invention, a. leas, 

abou. 30 % of *e polymer chains possess terminal ethenylidene unsaturahon^ 
P^ably a. leas. 50 %. more preferably leas. 60 %, and mos. preferably a leas, 
' % g 75-98 %), of such polymer chains exhibh temuna, ethe^ ene 

,„ unsa J.I The percenuge of polymer chains exhibiUng ^ 

unsawrarion may be determined by FTIR spec,roscop,c analysis, .......on, or 

C13NMR. 

The preferred terminally unsaturated interpolymer to be used in this invention 
15 may be prepared by known metallocene chemistry. Preferred polymers to be used m 
ZinveTon a Jmay be prepared as described in USSKs 992871; 992690; and 
992192. all Sled December 17. 1992. 

The prrferted interpolymers can be prepared by polymerizing monomer 
20 mixhtres comprising e.hytene in combina.ion w,.h o.her monomers such as ^pha- 
olefms having from 3 .0 28 ca^n a.oms (and preferably from 3 .o 4 carbon a.o,^ 
i e propylene, bu.en.1, and mix.ures .hereoO in .he presence of a caulys. sys.^ 
comp jng at leas, one met^locene (e.g., a cydopentadienyl— rn^ 
compound) and an alumoxane compound. The comonomer content can be c<^ «olW 
25 through the selection of the metallocene catalyst componen. «,d by con.rolhng .!« 
parti^ pressure of U« various monomers. Most preferably, the polym«s used m thts 
invention are substantially free of ethylene homopolymer. 

The catalyst is prefentbly a bulky ligand transition metal compound. The 
bulky ligand may contain a multiplicity of bonded atoms, preferably carbon a.oms, 
forming a group which may be cyclic wi.h one or more oprional he.eroa.oms. The 
bulky ligand may be a cyclopenUd,enyl dcrivalive which can be mono- 0 
pol^uclear. One or more bulky ligands may be bonded to the .rans,.,on metal 
■W refers .o an ,dentif,ed ^oup of the Periodic Table of Elements, 
comprehensively presented in "Advanced Inorganic Chemisrry, F * C°tton, a 
MIkinson, Fifth Edition, 1988, John W,ley & Sons). Other ligands ma, be bonded ,0 
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[LlmM[X]n 

' herein L is the bulky ligand, X is the leaving group. M is the transition metal and m 
r h tha7th! total ligand valency corresponds to the transU.on metal 

ionizable to a 1"^ valency state. 

compounds having on. Hg«»d L only which is a cdopen,ad,=nyi gro^p. 

For *= purposes of .his pa,en, spccifiCion .he Wioc^-e- isd^n«> 

metal ot the renouiu i ou , ^ , /--^n xjm r* where n Co is a 

componen. is .epr«en.ed by *e general fonnul. (CP)n.M«.^P ""^ ^ 

Mrocarboxyl groups having 1-20 carbon atoms m^ 1-3^ n ' " ^ P 
sum of m n + p equals the ox.dat.on state of M. In another 
metallocene catalyst is represented by the formulas. 



25 



(C5R'm)pR"s(C5R'm)MeQ3-p-x 
R"s(C5R'm)2MeQ' 



and 
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- , rrouD IV V or VI transition metal CsR'm a substituted 

r:'r:;air,::::r:*o:apU^^^^^^ 

containinR radical substituting on and bndging two CsRm "ngs or bndg. g 
contaimng rauiu n ,nr1 v - 1 otherwise x is always equal to 0, each 

radical having from 1 to 20 carbon atoms or halogen. Q .s an alky 
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having fro. , .0 20 carbon ..o.s. s is 0 o! 1 and when s is 0. n„s 5 and p ,s 0, 1 or 
2 and when sis 1, mis 4 and pis 1. 

various fonns of*, caulys, systen, of .he n,«al.ocene type n»ay be used «, 

US-A-4S,nO. .0 HO., JO ^en e ^d^BP. 0^, ^ 

::::rear^^^^^^^ 

,0 t cocatalys,. T1.ere are a variety of n,e*od, for prepanng a,u« one of 
which is described in US-A-4665208. 

For .he purposes of .his pa.en. specif,ca.ion, .he .erms "cocaulys-s or 
acriva.ors" are used inierchangeably and are defined .0 by any compound 
,5 Xen. w« can aaiva.e a bu,.y iigand .ran*„ .era, cornp^und^ 

embodin«n. .he ac.iva.ors generally conrain a n,e.al of Oroup II and m .h 
prliriable of Bemen.. In .he preferred en.bodimen,. .he bu,., .ans..,on n^ 
coCun^ are nreullocenes, w«ch are ac.iva.ed by «a,M*-um compor^d. 
ZUes bo.h anear and eye.-., or io».ing ionic ac.iva.ors or compour^s 
20 ITU an^oniun, .e.ra (pen.aflu,orophenyl) Wron, whrch ron,™ .he 

lUn conrpound. Such ioni^ng conrpcnds .ay con.ain an ace pro. ^ 
I™ .her carion associated wi.h bu. ^ coordina.ed. or on,y ioosely coordrna^.o 
Trc-nhrg ion of *e ioni^ng io.c conrpound. Such — - ~ 
EP.A-0520732 EP-A-0277003 and EP-A-0277004 pubhshed Augus. 3, .988. ^d 
« US-A5?r,57 5I9840U and 524.025. Further. *c n.«lioce„e cataW« 
Iponent can be a .onocyclopentadieny, heteroaton, containtng -P^""^ 
heteLon, is activate by eith. an a.u.oxane o, an ionrc aCva^or .0 fonn an 
polynreriza.ion ca.,Iys. sys.e. to produc polynrcrs usefcl rn .h,s 
polymelia examole PCT International Publication 

types of caralys. systems are descn ed Mo^«a. K ^^^^^ ^ 

in WO 92/00333 published January 9, 1992, U5>-A su?/'*/^, 

r227r nd eJ.A.0420436. WO 9,/04257. In addition, the metaiiocene cat^ysts 
^u lt .nven.ion can include non-cyCopeniadieny, ca.a,yst components, or 
anlr. hgands such as boroles or carboliides in combination with a trans,.,on me^a 
TdS ,. is no. beyond .he scope of .h,s inve„,ion Uta. .he cauiys.s and ca.aM 

35 s^Z nl, be .hose described in U,S.-A-5064802 and PCT pubhcabons WO 
^3^2, and WO 93/08,99 published Apri, 29. .993. AI, .he catalyst systems of 
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,Ke invemion ma, be, op,io„a„y, prepol^ert^d or use. ,„ eonju„c,io„ - an 
addUive or scavenging component ,o enhance catalytic product.vtty. 

fflustrativ. examples of the metallocenes are dtalkyi metallocenes such as 

. his<cc,Uen,o.ita.um — • :rr"t^: — 

bis(cvclopentadienyl)mconium di-neopentyl, etc. Other examples 

IZ l he useStlly employed are -"°^*P-'^7'. 
lumethyl-cyclopentadienyl maninm trichloride, substttuted '»<Cp)T,(rV) 
CI ^ch I bisTtnaenyl) tita^um dipheny, etc. "'"-'^ * 

,„ rjnocenes which can be useMy employed are, p«,.am.thylcydopent»h«^ 
::Ltr,.h,oride,e.c cyclopentadi^yl metallocene — 

cyclopentadieny. (pentamethyl cyclopen,adienyl)-.rco„,um dtchlonde, can J« 
Lloyed BisCcyclopentadienyDhafcium dichloride. ,s dlustrafve of oto 
:^::enes. sle prefe.ed metallocenes are ^^^^y-^';^"^-^— 

,5 dimethyl; and .he recemic and/or meso isomer of 1, 2-ethylene-bndged b,s-(4. 5, 6, 
-tetra-hydroindenyl) zirconium dichloride. 

The alumoxane compounds useful in the polymerization process tnay becycUc 
or hnear. Cyclic alumoxanes may be represented by the 8-eral fonnula 
20 while Unear -umoxanes ma, he represented hy the general form la RffUAl 
0VA1R2 ,n the general fonnulaR is a C,-C5alM group such as, for e«mple. 
X«by.. propyl. - P-V. « a- °r.om 3 to 20^. n ,s . 

in,e«erftomlto20. Preferably, R is methyl »kI n and n' are 4-18. Genenlly.mt 
pT-ri n of alumoxanes ton. for example, aluminum trimeth,. and water, a 
25 miHf the linear and c,clic compounds is obtained. Preferab,,, they are prepare^ 
" :Xing water with a solution of alu^num trialWyl, .ch . — um,^ 
in a suiUtble org^ic solvent such as ,olu«« or an altphattc hydrocarbon. The mole 

t^ of aluminl in the alumoxane to total meta, in the 
useMly employed can be in the range of 0.5:1 to 1000:1, and destrably 1.1 to lOO.I^ 
30 "fe abr the mole "tto will be ,n the range of 50:1 to about 5:1 and most 
p 2* '20 I to 5:1. The solvents used in the preparation of the catal,s. sysf^ 
hydrocarbons, in pa^i.lar a hydrocarbon that is ine„ v.th respect to the 
catalyst s,stem Such solvents include isobutane, butane, pentane, etc 

jS Polymerization is generally conducts! at temperatures ranging between 20" 

and 300X preferably between 30« and 200-C. Reaction time is no. cnttcal and m^y 
Z L several hours or more ,o several minutes or less, dependmg upon factors 
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«^ >„isan .ay read!,, ob,ain *e op,™.. ^ ^ ^^^^^^ 

from 50 bar to l,5uu oar. m y j pontactine the polymerization 

catalvst (eg by conventional techniques such as contacting P y 

. -"1^ -tr— ^^^^^ 
rx^rrCe.. ^ ^-^^ - — ^^^^ 

flashed off. The polymerization may be conducted employing q 

1 » «r mixtures of liquid monomers (such as mixtures 01 iiquiu 
as liquid propylene or mixtures nq ^^^^ively polymerization may 

1 o..^ 1 hntpne as the reaction medium. Aitemauvciy, J 
,5 propylene ^ ■ ; „„ i„„ „ po„n,eri^.ion such as 

be accomplished m the presence oi a nyu 

20 techniques known m the art tor con 

hydrogen to lower the polymer molecular weight. 

assure that terminal ethenylidene unsaturat,on ,s not redueed below p 
25 level of al least 30 % of the polymer chains. 

Howe™,, since the preferred polymers are reactive P<>^- J-^^^ 
ethe.Udenc.t,pe.erminalunsa.nratio„.itisprefe.ed,opr.^^^^^^ 

substamial absence of added H2 gas, ,h., ,s. ,he absent of H2 
30 effecive ,o subsu,n,ially reduce the polyme, molecular wcght. ^ 

„olvmeriza,ions will be conduced employing lesa ,h.n 5 wppm, and more preferably 
U of added H2 ga. based on ,he moles of ,he e,hylene monomer 
charged to the polymerization zone. 

When carrying ou, the polyme,iza,ion in a batch-type fashion. ,he ,eac,ion 

diluent^-y).^ — ' 

appropriate ratios to a suitable reactor. 
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15 



20 



The polymenzation .nay be conducted in a con.mnou, manner by 
sin-uluneously feeding .be reacUon di,.en, (ir employed) n.on„me,. ^aly J 
e<«a.aJys. .o a reactor «,d withdrawing solvent, unreacted monomer and polymer 
n I r^-r so as to a„o„ a residence time of irtgr^ients long enough fo 
tlgpol^erofthe desired molecuia, weight and sep^tingthepolymerftomthe 

reaction mixture. 

Polyisobutylene is a most preferred backbone of the present invention because 
i. is ,«>diiy available by cationic polymerization from butene streams (e g, usmg 
lcl3 Jysu) Such polyisobutylenes generally cont^n residual unsa«rat,o„ m 
lilts of about one etbylenic double bond per polyme, chain, postuoned along the 

chain. 

The polyisobutylene polymers employed are generally based on a hydrocartK.,, 
chain of from about 900 to 2500, Polyisobutylene having an M. of less than abou 
Z tends .0 »ve poor perfonnanc when employed as dispersant bec^se *e 
Ilular w.gtt is insu^cien, to keep the dispersant molecule ^'^^^ 
lubricating oils. Methods for making polyisobutylene are known. Mvf^V^' 
1 be flrLonalized by baloge^tion (e g chlorination). the thenual e^e' reacuon. 
or by free radical grafting using a catalyst <e.g. peroxide) as desenbed below. 

Other polymers, such as ethylene-alpha-oleSn interpolymers having a number 
average molecular weigh, above .0,000 (e g 20,000 to 200,000) (e.g, ethylene 
p Jene copolymers and .erpol^ers con^g non-con,ugated drenes) are 
LZle polymers for the p,epara.ion of dispersants or muh,frmc.,ona. v,scos,.y 
modifiers of the presem invention. However, ethylene-alpha-olcfm tnterpolymers of 
I ^e moleclr w.gh.s could be produced using Watta catalysts only ,n 
combination ^.h H, as molecular weight control in order to te^tnate the ^owtng 
, copolymer ch^ns within this molecular weigh, range Wtthou. use of H, or o r 
conventional, so-called -chain-stoppers-, the mterpolymers produced - Z, gk^^ 
Natta catalysts would tend to have molecular weights greatly m excess of the ato« 
rang. (Such higher copolymers, for example, are widely employed m ungrafted fonn 
. vrsisity index tmprovers, and when tactionalized and then — auz^ » 
S heavy polyamine, as described below, can be employed as d,spersant-v,scos,.y tndex 
impler polymers, (e g multiftmctional viscosrty modrfters)) The use of as 
In stopper has the drsadvantage of causing the saturation of the olefinrc d^ble 
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bond comen. of .he copolymer. Thus; while lower m„,ecu.a, "'i^h. -H^- 
were .heorc,iea»v po.*e » preP-. .heir low «a.,on ' /-a * 
accompanying low g-afl copolymer yields) would have made ,he,r tohe 
TalalLL h, . .herma, -ene- reacio. e.g.. - dicarboxylic ac,d mo,e.,.s m 
5 preparing dispersanrs. highly unattraclive. 

r^aftpH ) Backbone 
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25 



The polymer or hydrocarbon may be functionjized. for example. 
carboxylic add producing moicies (preferably acid or anhydride) by reacUng .he 
Hy^ or hydrocarbon under condirions .ha, resul. in .he addlUon of 6,nc,o.»l 

MToChon lins primarily a. sites of carbon-.o-carbon uns..ura.ion (.so r^erred 
.0 as e^ylenic or o,e,nic unsa.ua.ion) using .he halogen assis.ed - 
(e g cUorina.ion) process or .he .hemal W reacion. When usmg .he free .d^ 
Uing process using a ca..lys. (e g. pero»de), .he funaionahza.K,n ,s randonJy 
r,fec.e^ Lg .he polymer ch.in. In one embodim»., .his ^'^^""'^^^ 
can be accomplished by halogena.ing, eg, chlorinamg or brom,na«ng 
unsaturared „.lefln polymer .0 abou. 1 .o S w.. %, preferably 3 .0 ^--'^^^ 
or bromine, based on .he weigh, of polymer or hydrocarbon, by passing U, cWonne 
or bromine .hr^gh .he polymer a. a .empem^e of 60 ,o 250-C. prrfe^bly 110 o 
,60-C e.g, 120 .0 140-C. for abou. 0.5 .o 10. preferably 1 .o 7 hours. The 
balog na.^ polymer or hydrocarbon (hereinafter b..bones) is .hen reace^ 
sufficien, monounsa.ura.ed reacran. capable of adding tacuonal mo,e.,e .o ,h^ 
backbone, e.g., monoun..ra.ed carbox^ic reacan., a. 100 .0 "0^. 
,80-C .0 235X, for abou. 0.5 .o 10. e.fr. 3 .o 8 hours, such ,ha. U.e produc, 
obraincd will conuin .he desired number of moles of.he mo,,ounsa.ura.ed crtox, 
reac^n. per mole of .he halogena.ed backbones. Al.em,.,vely. .he backbon and t e 
monounl,a.ed carboxyhc reacan. are mixed and healed while addmg chlonne .0 
the hot material 

,n accordance wi,h .his invenrion. .he hydrocarbon or polymer backbone can 
b. funcrionalized. e g., wi.h carboxylic acid producing moicies (preferably ac,d or 
anhydride moie,ies) selecively at sites of carbon..o-carbon „nsa.ura.,on on .h 
poljmer or hydrocarbon chains, or randomly along chains using .he three processes 
menrioned above or combina.ions .hereof in any sequence. 
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The pr.rc.=. .onounsamrated reac,«s ,ha, are used .0 fcn« *J 
5 whe™ ,a, .he -^"'-'/"TI ^Itln aL .re pan of «id 

rrr— dL.e .nd ^ --d - .^^^^^^^ 

:;t):ra:r:tir::-.e.^^^^^^^ 

; ,he monounsa.ura.ed carboxylic reacan. '"-"'".^""""^f.^JLa 

acid cinnamic add, and lower alkyl (e.g., Cj to C4 al^) 

— ::r:;t.o:lu.;o, . pre^era., 0. .0 ,0 

wt. %, based on the weight of the polymer or hydrocarbon. 

11 koine inrrease the reactivity of starting olefin 
While chlorination normally helps mcrease me red y 

. ,,^ers...— ra...«^^^^ 

r;e:!:^':c:r.r^i w«c. ;ss«s > .s. 

30 r„ Ise an La, .henna, W reaCon ,o ,ake p,.c. Ene reacons are .no».. 

High n,o,ecu,ar weigh. e.hy,ene/propy>ene J"'' 
ethylene/^opyene/diene ,erpo,^ers, having nu.he, -a.c — w^^^^^^^^ 

Z .„,CK>0 .0 .OCCKK,, are 

It \rr\. f^r vnCh with a halide source, sucn uib^^ 
" :r;dre:«es Sneh high .o,eeu,ar weigh, BP and EPOM poiymers ,nd 

use as viscosity modifiers. 
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These high molecular weight ethylene/propylene interpolymers can be 
functional.zed by random attachment of functional moieties along the polymer chams 
by a variety of methods. For example, the polymer, in solution or m sohd form, may 

5 be grafted with the monounsaturated cari^oxylic reactant, as described above, m U,e 
preLce of a free-radical initiator. When performed in solution the graftmg takes 
place at an elevated temperature in the range of about 100 to 260»C. pre erabty 120 
to 240'>C Preferably, free-radical initiated grafting would be accomplished m a 
^neral lubricating oil solution containing, e.g.. 1 to 50 wt.%. preferably 5 to 30 w.. 

10 % polymer based on the initial total oil solution. 

The free-radical initiators which may be used are peroxides, hydroperoxides, 
and azo compounds, preferably those which have a boiling point greater than about 
100°C and decompose thermally within the grafting temperature range to provide 
15 free-radicals. Representative of these free-radical initiators are azobutyron^tnle. 2 5- 
dimethylhex-3-ene-2,5-bis-tertiary-butyl peroxide and '^^-^^^^^^'^ 7^ 
initiator, when used, typically is used in an amount of between 0 005% ^^^^^ 
weight based on the weight of the reaction mixture solution. Typ.cally. the afo esa.d 
^saturated carboxylic reactant material and free-radical initiator are used ma 
20 weight ratio range of from about 1.0:1 to 30:1. preferably 3:1 to 6:1. The graftmg . 
preferably carried out in an inert atmosphere, such as under nitrogen blanketmg. The 
resulting grafted polymer is characterized by having carboxylic acid (or ester or 
anhydride) moieties randomly attached along the polymer chains: it bemg understood 
of course, that some of the polymer chains remain ungrafted. The free radical 
25 grafting described above can be used for the other polymers and hydrocarbons of the 
present invention. This ftmctionalized high molecular weight copolymer then may be 
derivatized using a heavy polyamine. 



30 



Dprivatizati "" Heavy Amines 



35 



The novel dispersants of the present invention are based on. for example, the 
polyolefins as disclosed m USSN 992192. filed December 17. 1992, which are 
incorporated herein by reference for all purposes. These polymers can be 
fi^nctionalized using halogen assisted ftmctionalization (e.g. chlorinat.on , the thennal 
"ene" reaction, or via free radical grafting using a catalyst (e.g. peroxide). It has been 
found that the amine segment of the dispersant is very critical both to product 
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perfonnance of the dispersants and that dispersants n.ade from heavy P^yamine are 
superior to dispersants made from conventional poiyamine m>xtures (PAM). 

For example, as the molecular weight of a dispersant backbone is increased, 
5 the polar segment of the molecule becomes the limiting factor in dispersancy 
performance 1 poiyamine systems of the pHor art such as ^^^^y^~-';^^ 
tetraethylenepentamine. Increasing the stoichiometric raUo of amine to polymer 

the Igen content, but results in significant levels of free unreacted 
poiyamine which is detrimental to diesel engine and elastomer seal performance. 

Using amines higher than heavy polyamines of the present invention is 
detrimental because higher amines are insoluble or only partially soluble m o.ls and 
result in a hazy product in a lubricating oil composition. Ammes h.gher than hea>^ 
poiyamine comprise less than about 6.0 milliequivalents of primao^ amme per gram 
15 [alternatively an equivalent weight of primary amine greater than about 160 grams 
per equivalent) and greater than about 12 nitrogens per molecule. 

Typical disclosures of poiyamine reactants for the preparation of lubricant 
dispersants teach a range of nitrogens per molecule of from 1-12. a variety of spacmg 
20 groups between the nitrogens, and a range of substitution patterns on the am^ne 
toups We have discovered that dispersants derived fi-om the preferred 
Lpositions described below exhibit surprisingly enhanced dispersancy relafve to 
the prior art while retaining superior solubility in oil. 

25 Specifically, one embodiment of this invention comprises oil-soluble 

derivatized compositions of C2-C18 a-olefin polymers, copolymers, homopo^^ers 
or hydrocari^ons. fUnctionalized with cari^oxylic acid or anhydride mo,et.es, forther 
reacted with heavy polyalkylene polyamines which contain >28% N. more preferably 
>30% N e g >32% N, and an equivalent weight of primary amine groups of between 

30 120-160 g/eq. more preferably 120-150 g/eq, e.g. 125-140 g/eq. Best results are 
obtained when the polyamines contain more than 6 nitrogen atoms per molecule on 
the average (more preferably 7 or more. e.g. >8 nitrogen atoms per molecule), and 
more than two primary amines per molecule on the average (preferably >2.2. e.g. 
>2 4) Good results are obtained when the spacings between the mtrogens are Cr 
35 C3 The heavy poiyamine preferably comprises essentially no oxygen. 
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Polyamine, wi.h ,h«c cha,ac.eris'.ics a.e commercially available and »n be 
oroduced by distilling .he teiraethylenepemamine and naos. of .he 

'XCenlex^^ne .acions fro. standard po,ye,hy,enean,ine n.x,nres^ 
ZLU .hey could be syn.he».ed by cyanoe.hy,a.io„ of .he pn.a^jn 
5 groups of polyelhylene o, polypropylene penramines or hexam,nes followed by 
hydrogenation. 

A prefened deriva.iza.lon (imidi2a.ion) process is described in US-A- 
5277833 which is incorpo.«ed by reference herein in i.s en.ire5, for all purposes. 

in .he process of Ure invention, .he reacion be.ween .he funcionalized 
backbone and .he heavy polyamine is carried oo. for a .ime and under cond,.»=ns 
Icien. .0 fonn imide groups on .he tac.ion^i-d polymer - the concom,.an, 
^easc of »a.er. pro^s of this reaction can be followed by .nftared analyse. 



15 



Pre paration '^^^^f Hispersant 



The dispersant-forming reaction can be conducted in a polar or non-polar 
solvent (e g, xylene toluene, benzene and the like), and is preferably conducted «. 
20 the presence of a mineral or synthetic lubricating oil. 

The heavy polyamine is readily reacted wi.h .he selected material, e g., 
polybutenyl substituted succinic acid or anhydride, by reaaing an oi sotoon 
coining 5 .o 95 wt. % of the polymer substituted mono- or d,<^oxyl,c a„d o 
25 hydride material a, about 10^ .0 250-C, preferably ,25-.o g«-«y fo' 
71 eg. 2 .o 6 hrs. un.il .he desired amount of water Is removed. The hearing . 
prefe;.bly'ca,ried out to favor formation of imides or mixtures of imides and amrdes, 
rather than amides and salts. 

30 Reacion raUos of polymer luncionalized mono- and dtcattoxyhc acid or 

ar^ydride material to equivalems of amine can vary considerably, for example 
depending on the reac.an,s and type of londs to™cd. For example, when t 
poU comprises a polymer substituted dicart,oxyhc acid — 
didxyhc acid producing moieties derived from monounsaturated d,carbo^l 
35 acids oTanhydride or es.« derivatives thereof generally from 0.1 to 5. preferabi 
from'about 0.5 to 2, e g , 0.8 to 1.2 equivalents of dicarboxylic acid motety comem 
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(e.g.. grafted maleic anhydride content) is used, per equivalent of primary amine of 

the heavy polyamine. 

Dis pcrsants 

Dispersants maintain oil insolubles. resulting from oil use. in suspension in the 
fluid thus preventing sludge flocculation and precipitation. Suitable dispersants 
include, for example, dispersants of the ash-producing (also known as detergents) 
and ashless type, the latter type being preferred. The derivatized polymer or 
hydrocarbon compositions of the present invention, can be used as dispersants and 
multifunctional viscosity index improvers in lubricant and fuel compositions. 
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Post Treatment 
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20 



25 



30 



The derivatized polymers may be post-treated. The processes for post- 
treating the derivatized polymer or hydrocarbon are analogous to the post-treatmg 
processes used with respect to conventional dispersants and MFVM's of the pnor art. 
Accordingly; the same reaction conditions, ratio of reactants and the like can be used^ 
Accordingly, derivatized polymer or hydrocarbon can be post-treated wtth such 
reagents as urea, thiourea, carbon disulfide, aldehydes, ketones, carboxyhc acds, 
hydrocarbon-substituted succinic anhydrides, nitriles, epoxides, boron compounds, 
phosphorus compounds, or the hke. 

The amine derivatized polymers or hydrocarbons of the present invention as 
described above can be post-treated, particularly for use as dispersants and vscosrty 
modifiers by contacting said polymers or hydrocari^ons with one ore more post- 
treating reagents such as boron compounds, nitrogen compounds, phosphorus 
compounds, oxygen compounds, succinic acids and anhydrides (e.g., succinic 
anhydride, dodecyl succinic anhydride, and C, to C30 hydrocarbyl substituted 
succinic anhydride), other acids and anhydrides such as maleic and fumaric acds and 
anhydrides, and esters of the foregoing e g., methyl maleate. The amine denvatized 
polymers or hydrocarbons are preferably treated with boron oxide, boron hahdes, 
Ln acid esters or boron ester in an amount to provide from 0.1 - 20.0 atomic 
proportions of boron per mole of nitrogen composition. Borated derivatized polymer 
useful as dispersants can comain from 0 05 to 2.0 wt. %. e.g. 0.05 to 0.7 wt. A 
boron based on the total weight of said borated nitrogen-containing dispersant 
compound. 
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Treating is readily carried out by adding said boron compound, preferably 
boric acid usually as a slur^. to said nitrogen compound and heating with sumng at 
from about 135 to 190X, e g 140 to 170°C, for from 1 to 5 hours. 

' The derivatized polymers or hydrocarbons of the present invention can also 

be treated with polymerizable lactones (such as epsilon-caprolactone) to form 
dispersant adducts. 

10 T .iihricating C ompositions 

The additives of the invention may be used by incorporation into an 
oleaginous material such as fuels and lubricating oils. Fuels include normally hqu.d 
petrlm fUels such as middle distillate boiling from 65 to 430»C, mdudmg 
,5 kerosene, diesel fuels, home heating fuel oil. jet fuels, etc. A concentrafon of the 
additives in the fuel is in the range of typically from 0.001 to 0.5 wt.o/., and preferably 
0.005 to 0.15 wt. %, based on the total weight of the composition, will usually be 
employed. 

20 The additives of the present invention may be used in lubricating oil 

compositions which employ a base oil in which the additives are dissolved or 
dispersed therein. Such base oils may be natural or synthetic. Base oils suUable for 
use in preparing the lubricating oil compositions of the present invenUon mclude 
those conventionally employed as crankcase lubricating oils for spark-.gn.ted and 

25 compression-ignited internal combustion engines, such as automobile and truck 
engines, marine and railroad diesel engines, and the like. Advantageous results are 
also achieved by employing the additive mixtures of the present invention m base o.ls 
conventionally employed in and/or adapted for use as power transm.tt,ng fluids, 
universal tractor fluids and hydraul.c fluids, heavy duty hydraulic flu.ds, power 
30 steering fluids and the like. Gear lubricants, industrial oils, pump oils and other 
lubricating oil compositions can also benefit from the incorporation thercn of the 
additives of the present invention. 

Natural oils include animal oils and vegetable oils (e.g., castor, lard oil) liquid 
35 petroleum oils and hydrorefmed. solvent-treated or acid-treated mineral Iubncat.ng 
0.1s of the paraff.nic. naphthenic and mixed paraff-nic-naphthenic types. O.ls of 
lubricating viscosity derived from coal or shale are also useful base o.ls 
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Synthetic lubHCing oils include hydrocarbon oils ».d halo».h«itu,ed 
hydro«u*on oiU such as polymerized and ,„,erpolyn,eri»d olefins (e^^ 
pllyhutyle^s. polypropyle^. propylenc-isohutylene -P°'>™- * 

i oolvbulylenes etc^ Alkyta= """e P°ly^"' '"«T°'>™'" '^^'"^ 
:171; .he .e™;n. hydroxy, groups have been nodifed by esrenficarron, 
^Zcatio. etc.. constirure another class of known synthetic lubncatutg 0,1. 
Another suitable class of synthetic lubricating „,ls c<,mpnses 'J^ 
dicarboxyhc acids. Esters useful as synthetic oUs also include those made from C5.0 

, Cn moTccarboxyUc acids ar«. polyols a^ polyol ethers such as -P^' ^'col 
« ' Silicon-based oils such as the polyalkyK HV"^-. P-"""^"^;,; 
polyaryloxysiloxane oils and silicate oils comprise another usefo class of ^t » 
Ll^nts Unr^ned. refined and rerehned oils can be used m the lubncants of the 
present invention. 

' The additives of the present invention, particuWy those adapted for us. as 

dispersants or viscosity modifiers, can be incorporated into a '" "Jj";^^ 
coLment way Thus, they can be added directly to "" "V " ° 
dissolving the same in the oil Such blending into the additional lube o,. can o^r« 

,0 room temperatu,. o, elevated temperatures, Alte^tively, the add,t,ves may be « 
fonned il concentrates, wh,ch are in turn blended into the o,L Sue 
concentrates »n typically contain as active in^edient (A.,.). fi.m ,0 to SO wt^ ^ 
typically 20 to 60 wt. %. and preferably from 40 to 50 wt. %. addmve. (bas«l on tl« 
concentrate weight) in base oil. MFVl concentrates typically will contatn fix>m 5 to 

25 50 wt. % AI. 

The additives of the invention may be mixed with other additives seleaed to 
perform at least one desired function Typical of such additional additives are 
detergents, viscosity modifiers, wear inhibitors, oxidation inhibitors corros.on 
30 ilitors, fHction modifiers, foam inhibitors, rust inhibitors, demu.s.fiers. 
antioxidants, lube oil flow improvers, and seal swell control agents 

Compositions, when containing these additives, typically are blended mto the 
base oil in amounts which are effective to provide their normal attendant funct.on. 
35 Representative effective amounts of such additives are illustrated as follows: 
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rom positions 

5 V.I. Improver 

Corrosion Inhibitor 
Oxidation Inhibitor 
Dispersant 

Lube Oil Eow Improver 
1 0 Detergents and Rust 
Inhibitors 

Pour Point Depressant 

Anti-Foaming Agents 

Antiwear Agents 
15 SealSwellant 

Friction Modifiers 

Lubricating Base Oil 

When other additives are employed, it may be desirable, although not 
20 necessary, to prepare additive concentrates or packages comprising concentrated 
solutions or dispersions of the subject additives of this invention together with one or 
more of said other additives. Dissolution of the additive concentrate mto the 
lubricating oil may be facilitated by solvents and by mixing accompamed with mild 
heating, but this is not essential. The final formulations may employ typically 2 to 20 
25 wt. %, e.g. about 10 wt. %, of the additive package with the remainder being base 
oU. 



(Broad) 


(Preferred) 


Wt % 


Wt. % 


1-12 


1-4 


0.01-3 


0.01-1.5 


0.01-5 


0.01-1.5 


0.1-10 


0.1-5 


0.01-2 


0.01-1.5 


0.01-6 


0.01-3 


0.01-1.5 


0.01-1.5 


0.001-0.1 


0.001-0.01 


0.001-5 


0.001-1.5 


0.1-8 


0.1-4 


0.01-3 


0.01-1.5 


Balance 


Balance 



All of said weight percents expressed herein (unless otherwise indicated) are 
based on active ingredient (A.I.) content of the individual additives, and the total 
30 weight of the additive package or formulation, which will include the weight of total 
oil or diluent. 



EXAMPLES 
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The following examples are representative of succinimide dispersants 
prepared from heavy polyamine. 

p..^rl. 1 rrnm parative- l - Prep aration of PTBSA/PAM Dis persant 

400 grams (0 1376 equivalents of succinic anhydride) of a polyisobutenyl 
succinic anhydride (PIBSA) diluted with 80 grams Exxon S150N base oil and derived 
from a 2225 number average molecular weight polyisobutylene havmg a 
saponification number after dilution with the oil of 38.6. prepared via the chlonnat.on 
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process, were charged into a reaction flask equipped with a thermometer, air stiaer^ 
and nitrogen inlet tube. The dilute PIBSA was diluted with 211.2 grams of S150N 
and heated to 150°C. Thereafter, 15.9 grams of commercial PAM (0.1376 eq. of 
primary amine) having about 33.5 wt. % total nitrogen were added dropwise to the 
5 reaction mixture under a nitrogen blanket. After the addition was completed, the 
reaction mixture was nitrogen stripped at ISOX for 2 hrs. The resultmg product 
analyzed for 0.85% nitrogen. 

Pvm pIP ? rromparati "" ) - RnrRtion of Example 1 

560 grams of the above reaction product were heated to 145°C and 6.08 
grams of boric acid were added for a period of one hour. At the end of the add.t.on, 
the reaction mixture was heated to 150X and nitrogen stripped for one hour. The 
filtered oil solution analyzed for 0.78% nitrogen and 0.19% boron. 

Fv.n, plP. 3 - Preparation.M mSMiAz2He avy Amine Dispersa nt 

400 grams (0.1376 equivalents of succinic anhydride) of the PffiSA of 
example 1 were diluted and reacted in substantially the same manner as example 1 but 
using 17.9 grams (0.1376 eq. primary amine) of heavy polyamine fi-om Dow 
Chemical Company identified as HA-2 PAM (32.8 wt. % total nitrogen) and 215 
grams of S150N. The resulting dispersant analyzed for 0.98% nitrogen. 

F.xam ple 4 - Rnration of Example 3 

560 grams of the product of example 3 were borated with boric acid in 
substantially the same manner as in example 2, using 6.08 grams of boric acid. The 
oil solution of the filtered product analyzed for 0.97% nitrogen and 0. 19% boron. 

!sl .1 rPGE BENCH TEST R ESUUTS 

SIB (Sludge Inhibition Bench Test) 



15 



20 



25 



30 



The SIB test forecasts the performance of a lubricant in a gasoline engine. 
35 The test is described below: 
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The SIB test employs a used crankcase mineral lubricating oil composition 
having an original viscosity of about 325 SSU at 37.8°C that has been used in a 
taxicab driven generally for short trips only thereby causing a bu.ld up of a high 
concentration of sludge precursors. The oil used contains only a refined base mineral 
5 oil a viscosity index improver, a pour point depressant and a zinc 
dialkyldithiophosphate antiv^ear additive. The oil contains no sludge dispersants. 
Such used oil is acquired by draining and refilling taxicab crankcases at about 1.000 - 
2,000 mile intervals. 

The SIB test is conducted in the following manner: The used crankcase oil is 
freed of sludge by centrifiiging for one half hour at about 39.000 gravities (gs). The 
resulting clear bright red oil is then decanted from the insoluble sludge particles. 
However the supernatant oil still contains oil-soluble sludge precursors which, under 
the conditions employed by this test, will tend to form additional oil-msoluble 
1 5 deposits of sludge. The sludge inhibiting properties of the additives being tested are 
determined by adding to portions of the used oil 0.5 wt. %, on an active basis, of the 
particular additive being tested. Ten grams of each oil sample being tested is placed 
in a stainless steel centrifiige tube and is heated at 140X for 16 hrs. in the presence 
of air Following the heating, the tube containing the oil being tested is cooled and 
then centrifiiged for 30 min. at about 39.000 gs. Any deposits of new sludge that 
form in this step are separated from the oil by decanting supernatant oil and then 
carefully washed with 15 ml. of pentane to remove all remaining oils from the sludge. 
The weight, in milligrams, of the new solid sludge that forms in the test is determined 
by drying the residue and weighing it. The results are reported as milligrams of 
25 sludge per ten grams of sludge, thus measuring differences as small as one part per 
ten thousand. The less new sludge formed, the more effective is the additive as a 
dispersant. In other words, if the additive is effective, it will hold at least a portion of 
the new sludge that forms on heating and oxidation, stably suspended in the oil so 
that it does not precipitate during the centrifiiging period. 



20 



30 



Samples of the dispersants prepared as set forth in Examples 1 - 4 below were 
subjected to a standard sludge inhibition bench test (SIB). The samples of the 
PIBSA-PAM were subjected to the SIB test to provide a basis of companson 
between the PIBSA-heavy amine dispersant of this invention and the corresponding 
35 prior art PIBSA-PAM dispersants 
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Example # 



1 (Comparative) 

2 (Comparative) 
3 

4 

Blank 



Compound 



PIBSA-2225/PAM 
B-PffiSA-2225/PAM 
PffiSA-2225/HA-2 
B-ProSA-2225/HA-2 



SIB Results (mgs sludge/ 10 grams 
sludge) Concentration 



0.3% 

7.92 

5.10 

4.30 

1.15 

10.0 



0.5% 

3.8 

4.0 

0.24 

0.48 



The SIB results indicate that dispersants made from HA-2 heavy polyamine have 
superior sludge dispersancy properties than those made from commercial PAM at 
equivalent active ingredient for both non-borated as well as borated materials. Lower 
5 values indicate better dispersancy performance. 



Example 5 

To 630 grams (1.0 equivalents of succinic anhydride) of a polyisobutenyl 
10 succinic anhydride of about 450 number average molecular weight and having a 
saponification number of 178, available from Mobil Chemical Company identified as 
MCP 1515, was added 244 grams of Exxon Solvent 150 neutral base oil and heated 
to 150°C in a 2 liter 4 neck flask, equipped with a stirrer, 125 ml dropping funnel, 
thermometer and sparger. To the mixture was added 119 grams (0.91 equivalents of 
15 primary amine) of HA-2 heavy polyamine over 40 min. The mixture was nitrogen 
sparged for 90 min. The product analyzed for 4.03% nitrogen The product may be 
used as a dispersant additive for two-cycle engine oils. 
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CLAIMS : 

1. An oil soluble dispersant comprising a flinctionalized hydrocarbon 
rearted with a heavy polyamine. 

2. The dispersant of claim 1 wherein said hydrocarbon is a polymer. 

3. The dispersant of claim 2 wherein said fiinctionalized polymer is a 
polybutenyl succinic add or anhydride. 

4. The dispersant of claim 1 wherein said heavy polyamine comprises 
substantially no oxygen. 

5 The dispersant of claim 1 wherein said heavy polyamine has an 
equivalent weight of about 120 - 160 grams per equivalem of primary amine and at 
least about 28 wt. % nitrogen. 

6 The dispersant of claim 1 wherein said heavy polyamine has an 
average of at least about 7 nitrogens per molecule and an equivalent weight of about 
125 - 140 grams per equivalent of primary amine. 

7 The dispersant of claim 1 wherein said heavy polyamine comprises 
less than about 1 wt. % pentamines and lower polyamines and less than about 25 wt. 
% hexamines. 

8. The dispersant of claim 1 flinctionalized with an average of up to two 
functional groups. 

9 The dispersant of claim 2 wherein said polymer comprises 
ethylene/alpha-olefin copolymer having a number average molecular weight greater 
than 300. 

10. The dispersant of claim 9 wherein said polymer comprises 
ethylene/propylene or ethylene/butene copolymer. 

11. A process for producing dispersant comprising the steps of 
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a) functionalizing by halogenating, ene reacting, or free radical 
grafting a backbone selected from the group consisting of 
hydrocarbon, polymer, and polybutene with a carboxylic acid 
or anhydride agent; and 

b) then reacting said backbone with a heavy polyamine. 

12. The product of the process of claim 11 wherein said agent is an 
anhydride comprising maleic anhydride. 

13. The process of claim 11 wherein said backbone is halogenated in a 
chlorination step. 

14. The use of the product of claim 1 as an additive in a fuel or lubricant. 

15. An oleaginous composition comprising the product of claim 1. 

16. An oleaginous composition comprising the product of claim 1 and a 
base oil in the form of a lubricating oil or lubricating oil additive package. 

17 The product of claim 1 wherein said heavy polyamine has an average 
of at least about 7 nitrogens per molecule, a primary amine content of at least about 
6.3 to about 8.5 milliequivalents of primary amine per gram, and a total mtrogen 
content of at least about 32 wt. %. 

18 The use of the dispersant of claim 2 wherein said polymer has number 
average molecular weight less than 300. as an additive in a two-cycle engine oil. 
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